A novel promoter in IS10R (OUTIIp) has been found in one of its ends in an inverted position relative to promoter pOUT. OUTIIp shows characteristics similar to those of rpoS-dependent promoters such as a gearbox expression pattern. It is under catabolite repression and positively regulated by ppGpp or conditioned media. This opens new challenges in IS10R transposition.
The nonessential gene nlpD, which codes for the NlpD lipoprotein (21) , contains the promoter region for rpoS, a gene that codes for S , an alternative sigma factor key in the expression during stationary phase and in the acquisition of resistance to environmental stress during this phase (22, 23) . A copy of the insertion sequence IS10R has been found to interrupt the nlpD gene of Enterobacter cloacae strain CETC960, preventing the expression of rpoS from rpoSp (unpublished results). Nevertheless, this strain was not defective in S (24) ; therefore, the coding gene was transcribed due to the presence of an unknown promoter located within IS10R. This element contains two well-characterized promoters that lie in opposite orientations near the boundary: pIN, a weak promoter required for transposase transcription, and pOUT, a strong promoter that sponsors transcription of an antisense RNA that, pairing with the tnp RBS region, represses transposase expression (7, 31) .
E. cloacae CECT960 rpoS transcriptional start site and identification of OUTIIp. The presence of IS10R within nlpD did not prevent rpoS expression in E. cloacae CETC960, as there is evidence of a functional RpoS in this strain (24) . However, IS10R prevented rpoS transcription from its own promoter, rpoSp, as shown by reverse transcriptase PCR (results not shown). These results suggest that a promoter within IS10R would drive rpoS transcription in CECT960.
The in vivo start site of E. cloacae rpoS RNA, identified by primer extension, indicated that rpoS transcription initiated at the same position in both exponential-and stationary-phase cells, although a weaker signal was obtained in the former as measured by densitometry with the Multi-Analyst 1.1 program from Bio-Rad (results not shown). The start point of transcription was identified 74 bp upstream of one border of IS10R in a position where no promoter has been described. We propose to name this novel promoter OUTIIp, since its location and orientation in one end of IS10R are similar to that of pOUT in the other end (7, 31) .
The analysis of the promoter region did not show clear Ϫ35 and Ϫ10 sequences, presenting an overall identity of 50% with the 70 consensus box (Fig. 1) . The presence of certain nucleotides upstream of the Ϫ10 box (extended Ϫ10 sequences) increases the strength of promoters in gram-positive and -negative bacteria, making inessential the Ϫ35 recognition region (16, 19) . We propose an extended Ϫ10 sequence (TG-AAGT TT) for OUTIIp that would facilitate transcription initiation in an otherwise poor promoter.
A series of transcriptional lacZ fusions were constructed by PCR, obtaining fragments no. 33, 45, and 55 ( Fig. 1 ), which were cloned into pRS551 (32) , yielding plasmids pRS33, pRS45, and pRS55, which were transformed into Escherichia coli ZK126 (10) . The copy number, measured as described previously (28) , was in all cases between 80 and 90 plasmids per chromosome equivalent. The fragments were also cloned in monocopy into the E. coli RYC1000 chromosome as described earlier (32) , rendering strains REM33, REM45, and REM55. ␤-Galactosidase measurements (25) conducted in rich and minimal media showed that pRS33 and REM33 failed to drive measurable LacZ levels, whereas the expression levels of pRS55 (8,935 Ϯ 550 Miller units) and its corresponding lysogen REM55 (87 Ϯ 5 Miller units) were similar to those measured in pRS45 (8,914 Ϯ 500 Miller units) and REM45 (88 Ϯ 5 Miller units). Therefore, the sequences required for OUTIIp activity must lie in the region defined by E4 and B5.
Influence of the C-terminal region of the ␣ subunit of the RNA polymerase in OUTIIp activity. The OUTIIp upstream region has a slightly high A/T content ( Fig. 1 ) that could act as an upstream element interacting with the C-terminal region of the ␣ subunit. Therefore, the requirement of the ␣ C-terminal region in OUTIIp activity was studied. The REM strains were transformed with plasmids pLAD235 and pLAD256, which carry mutant rpoA genes under isopropyl-␤-D-thiogalactopyranoside (IPTG) control (14) . These mutant genes code for an ␣ subunit deleted in their C-terminal region (235 residues in RpoA⌬235CTD and 256 in RpoA⌬2565CTD). In the presence of IPTG, transcription of mutant rpoA genes is turned on. In IPTG-induced wild-type cells harboring plasmid pLAD235 or pLAD256, 90% of RNA polymerases contains at least one mutant ␣ subunit, while, in 50% of the polymerases, the two ␣ subunits are mutant (34) . Under these conditions, transcription starting in rrnB1p (a promoter that requires the C-terminal domain of the ␣ subunit for initiation) is greatly reduced (29) . As a control, plasmid pLAX181 (14) carrying the wildtype rpoA allele was used. LacZ activity was similar in the presence or absence of IPTG in the REM strains carrying pLAX181, pLAD235, and pLAD256 (results not shown). Thus, it can be concluded that the C-terminal region of the ␣ subunit of the RNA polymerase is not required for OUTIIp activity. Moreover, the presence of upstream activating sequences did not seem to be required, as promoter activity of fragment no. 45 was the same as that of fragment no. 55 (which has a 104-bp upstream additional region).
Growth phase-dependent regulation of OUTIIp. Lange and Hengge-Aronis (20) reported that E. coli rpoS expression follows a pattern similar to the growth curve. We studied whether OUTIIp presented a similar pattern of expression. RpoS, studied in E. cloacae CECT960 by Western blotting ( Fig. 2A) , began to be detected as a very faint band at the onset of stationary phase, reaching higher values at later times (measured by densitometry). Similar results were obtained when transcription driven by OUTIIp was examined in REM55 in both minimal and Luria-Bertani (LB) media (Fig. 2B) . One of the signals that could be involved in this process is that of ppGpp, a transcriptional regulator that increases its levels in nutrient-limited cultures, its generation being a primary response to stress and nutritional deficiencies that are followed by the accumulation of poly(P) and RpoS (8, 12) . However, the induction due to ppGpp could be limited to a basal expression (15) or could be modulated by the presence of other factors such as DksA (5) . To verify if ppGpp regulates OUTIIp, ␤-galactosidase assays were performed with E. coli strain MG1655 and its derivative CF1693, ⌬relA, ⌬spoT, a ppGpp-deficient strain (12) containing pRS55. ␤-Galactosidase expression during stationary phase decreased 50% in the absence of this alarmone, thus indicating the requirement of the alarmone in OUTIIp expression.
Slow-growing cells (M9 medium supplemented with 0.4% [vol/vol] glycerol) showed a level of expression almost twice that of fast-growing cells (LB medium). The inverse relationship between promoter strength and growth rate showed by OUTIIp is characteristic of gearbox promoters such as katEp and ftsQp (2). The OUTIIp upstream sequence presents around 60% similarity to E. coli katEp (35) , and its Ϫ35 and Ϫ10 sequences have a 75% identity ( Fig. 1) with those of E. coli ftsQp (1) . As ftsQ and katE are S dependent, the influence of S on OUTIIp was studied. E. coli strains ZK918 and rpoS::Km r (4) and its isogenic strain ZK126 were transformed with pRS55. A 63% decrease in OUTIIp strength was observed in the absence of RpoS. Although OUTIIp is partially S dependent, it does not bear two important characteristics of Sdependent promoters (11): it does not present upstream intrinsic curvature (results not shown), as katEp and most of S -dependent promoters do, and it bears a poor similarity with the Ϫ10 S consensus sequence (AAGTTT versus CTATAC T). Moreover, OUTIIp lacks the proposed features for an optimally S -selective promoter: no Ϫ35 region, a TC motif at the Ϫ14/Ϫ13 positions, and a TATACT Ϫ10 hexamer (3). In fact, OUTIIp presents a relatively well-conserved Ϫ35 sequence (TCAACA). Perhaps all these features could be responsible for the low activity of this promoter. As OUTIIp activity was not completely abolished in an rpoS strain, it is possible that the presence of a Ϫ35 sequence allows 70 RNA polymerase to recognize it. In this sense, the presence of an extended Ϫ10 sequence, a feature more common in gram-positive bacteria than in gram-negative bacteria (16, 19) , is probably important. This fact supports the idea of a gram-positive origin of Tn10, as its GϩC content is closer to that of Bacillus subtilis than to that of Enterobacteriaceae (9) .
Catabolite repression. The expression of some operons is inhibited in a coordinated process known as catabolite repres- Catabolite repression is set in train by the ability of glucose to reduce the level of cyclic AMP (cAMP) in the cell. This metabolite is bound by CRP, a cAMP receptor protein that binds to more or less conserved DNA sequences and whose presence is necessary to initiate transcription at many promoters (18) . A putative CRP-binding site was found overlapping the Ϫ35 sequence of OUTIIp (Fig.  1) . To determine if OUTIIp catabolite repression observed in the presence of glucose was CRP dependent, pRS55 was introduced in a crp strain, SBS688 (27) . A 41% drop in OUTIIp activity was observed. These results indicate that OUTIIp is subject to catabolite repression. OUTIIp is probably a class II CRP-dependent promoter because, as shown in Fig. 1 , the putative CRP-binding site (73% identity with the left half of the consensus sequence) overlaps the Ϫ35 determinant for the binding of RNA polymerase (6) . Class II CRP-dependent promoters have a single DNA site for CRP overlapping the DNA site for RNA polymerase. Transcription at class II CRP-dependent promoters requires two mechanistic components: an overcoming of an inhibitory effect of the ␣ C-terminal domain of RNA polymerase and a direct activation involving the ␣ N-terminal domain (6) . Therefore, absence of the ␣ C-terminal
FIG. 2. (A)
E. cloacae rpoS expression. Samples were withdrawn at the times indicated in the growth curve (LB medium, 37°C), and total protein was isolated and normalized for equal total concentration. The inset shows the results of a Western blot by using polyclonal serum against S . OD 600 , optical density at 600 nm. (B) OUTIIp activity versus growth rate in LB medium and in M9 supplemented with 0.4% glycerol (vol/vol) media. ␤-Galactosidase activity (dashed line) and optical density at 600 nm (solid line) were measured at different times during the growth of E. coli strain REM55. (C) Effect of spent LB medium (sterilized supernatant obtained after centrifugation of a 24-h-grown culture) on OUTIIp activity. REM55 was inoculated in LB broth and in spent LB medium and in reconstituted LB medium (spent LB medium plus 20ϫ LB medium to a final concentration of 1ϫ, pH adjusted to 7.5). The optical density at 600 nm and ␤-galactosidase activities were measured at different incubation times. ␤-Galactosidase activity was plotted against the optical density at 600 nm. The data shown are the average of at least three independent cultures, with duplicate measurements. The overall variation was below 15%. domain would not have an effect on CRP-mediated OUTIIp activity in agreement with our results. The decrease in expression in the crp strain was not as dramatic as in the presence of glucose, probably due in part to the lower growth rate of the mutant that would increase expression of OUTIIp as it follows a gearbox pattern. The observed expression in the crp strain could also be explained by the presence of proteins involved in catabolite regulation other than CRP and such as Cra (30) .
Quorum sensing. This process is a regulatory mechanism involved in the control of cell density-dependent expression of many bacterial genes in response to high intracellular concentrations of N-acylhomoserine lactones (33) . We have studied the effect of spent E. cloacae LB media in the activity of OUTIIp to find the presence of a possible signal secreted by bacteria during their growth or during nutrient starvation that would cause the induction of OUTIIp. Growth and OUTIIp activity in strain REM55 in fresh LB, spent LB, and reconstituted spent LB media were measured. The results (Fig. 2C) suggested that a signal molecule should appear during late exponential phase or at the onset of stationary phase in order to induce OUTIIp even in the absence of growth.
Effect of BarA. Mukhopadhyay et al. (26) have recently described the inductor effect of protein BarA upon exponentialphase rpoS expression. To check the possible dependence of BarA during the exponential phase, a barA::placMu53 strain, HS703 (26) , and wild-type MC4100 were transformed with pRS55. ␤-Galactosidase levels measured along the growth curve showed a 65.7% decrease in the barA strain.
There are some common features in RpoS expression in E. coli and E. cloacae CECT960, such as catabolite repression and dependence on both growth phases and ppGpp. RpoS expression is BarA dependent during exponential growth both in E. coli (via nlpDp) (26) and E. cloacae CECT960 (via OUTIIp). Thus, OUTIIp mimics the combination of nlpDp and rpoSp in the regulation of RpoS expression.
Readthrough transcription across an IS10 terminus probably inhibits its ability to bind transposase (17) . A similar mechanism has been proposed in phage Mu in which transcription proceeding towards the left end from the Pc promoter could interfere with the binding of protein A to the left end of the genome (13) . It is tempting to suggest a role of OUTIIp in preventing transposition of free IS10R, thus favoring transposition of the composite Tn10 transposon. The regulation observed in promoter OUTIIp suggests a link between cellular physiology and transposition. Increase in cAMP and ppGpp and the presence of an unknown signal at the onset of stationary phase activate OUTIIp, and thus, interaction between transposase and the end under transcription of IS10R could be reduced.
Transcription of IS10R neighboring regions may occur due to the presence of promoter pOUT or OUTIIp. The presence of all IS10R elements might not be dispensable, transcription of some genes being dependent on these promoters, as it occurs in E. cloacae CECT960 with the expression of the rpoS gene. This opens an exciting challenge now that more genomes are known and analyzed.
